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from a shot cylinder wherein a valve arrangement is 
provided which prevents undesirable pressure spikes in 
the die cavity during injection of molten material, and 
which effects rapid pressure buildup in the die cavity 
during solidification and curing of the molten material. 
The valve arrangement is operative to effect a regenera 
tive or counterforce mode in the shot cylinder which 
limits the force applied during injection of molten mate 
rial into the die cavity so as to substantially reduce 
pressure spikes, the regenerative mode being terminated 
in response to a predetermined pressure within the die 
cavity indicating that the die cavity is full. 

10 Claims, 1 Drawing Sheet 
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1. 

METHOD AND APPARATUS FOR DE CASTING 
SHOT CONTROL 

BACKGROUND OF THE INVENTION 
The present invention relates generally to injection 

molding, and more particularly to a novel method and 

5 

apparatus for controlling the injection of molten mate 
rial such as molten metal into a die cavity under pres 
sure from a shot cylinder so as to eliminate undesirable 
pressure spikes while effecting high pressure during 
curing of the molten material. 

It is well recognized in the art of injection molding, 
such as in die casting machines or apparatus which 
employ shot cylinders to inject "shots' of molten mate 
rial into a die cavity, that controlling the speed of the 
shot cylinder piston during injection of molten material 
into the die cavity is critical to preventing pressure 
spikes or peak pressures which may exceed the die 
clamping force capacity of the machine and cause sepa 
ration of the die halves. The pressure spikes may result 
from both excessive fluid pressure applied to the shot 
cylinder and the inertia forces created by the shot cylin 
der piston and associated piston and plunger rods. Sepa 
ration of the die halves can lead to casting fins being 
formed on the casting and tolerance ranges being ex 
ceeded, thereby leading to unacceptable castings with 
attendant waste and economic loss. 

U.S. Pat. No. 4,066,189 discloses apparatus for con 
trolling injection of molten material under pressure into 
a die cavity, and attempts to overcome the problem of 
peak pressure within the die cavity by decreasing the 
speed of the shot cylinder piston before the mold cavity 
is completely filled. A relatively complex fluid pressure 
system provides a run-around circuit between the rod 
end of the shot cylinder and the head end thereof, and 
includes means for blocking the flow path through the 
run-around circuit in response to advance of the shot 
cylinder piston, whereafter advance of the shot piston is 
controlled by controlling release of fluid pressure from 
the rod end of the shot cylinder. 

U.S. Pat. No. 4,488,589 discloses a shot cylinder con 
troller for controlling the speed of a shot cylinder so as 
to compensate for changes in operating variables result 
ing from changes in the fluid mechanics of the system. 
The shot cylinder controller employs a relatively com 
plex servo-control system which includes a preselected 
computer program to control the shot cylinder. 
A significant drawback with the known prior appara 

tus for controlling shot cylinders in die casting ma 
chines lies in their reliance on relatively complex ar 
rangements to control the shot cylinder so as to elimi 

... nate or substantially reduce pressure spikes during in 
jection of molten material into the die cavity, while 
effecting rapid pressure buildup within the die cavity 
during solidification and curing of the molten material. 

SUMMARY OF THE INVENTION 

One of the primary objects of the present invention is 
to provide a novel method and apparatus for control 
ling the injection of molten material into a die cavity so 
as to prevent undesirable spike or peak pressures in the 
die cavity while effecting high pressure during curing 
of the molten material. 
A more particular object of the present invention is to 

provide a method and apparatus for controlling the 
injection of molten material into a die cavity which 
employs a novel valve arrangement interposed between 
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a fluid pressure source and a shot cylinder and operative 
to place the shot cylinder in a regenerative mode so as 
to prevent pressure spikes within the die cavity during 
injection of molten material, and which effects rapid 
high pressure buildup in the die cavity during curing of 
the molten material. 
A further object of the present invention is to provide 

a method and apparatus for controlling the injection of 
molten material into a die cavity from a shot cylinder as 
aforedescribed wherein the valve arrangement is opera 
tive to terminate the regenerative mode when the die 
cavity is filled with molten material, and substantially 
simultaneously effect rapid pressure buildup within the 
die cavity during curing of the molten material. 

In carrying out the present invention, a valve ar 
rangement is interposed between a fluid pressure source 
and the shot cylinder of an injection molding machine 
so as to enable selective fluid pressure input to the head 
end of the shot cylinder to inject molten material into 
the die cavity. The valve arrangement includes a first 
proportional throttle valve enabling predetermined 
introduction of fluid pressure to the head end of the shot 
cylinder, a second valve operative to create a regenera 
tive mode limiting the fluid pressure applied to the shot 
cylinder piston so as to prevent undesirable pressure 
spikes within the die cavity during injection of molten 
material, and a third valve operative in responsive to 
predetermined impact pressure to terminate the regen 
erative mode while the second valve simultaneously 
effects high pressure buildup within the die cavity dur 
ing solidification and curing of the molten material The 
first, second and third valves may be formed as an inte 
gral valve unit, or as valves modules manifolded to 
provide a compact shot control device. 

Further objects, features and advantages of the pres 
ent invention, together with the organization and man 
ner of operation thereof, will become apparent from the 
following detailed description of the invention when 
taken in conjunction with the accompanying drawings 
wherein like reference numerals designate like elements 
throughout the several views. 

DESCRIPTION OF THE DRAWING 

FIG. 1 is a fragmentary elevational view of a die 
casting machine having a shot cylinder assembly of the 
type with which the present invention is employed; and 
FIG. 2 is schematic diagram illustrating a valve con 

trol arrangement in accordance with the present inven 
tion for controlling the shot cylinder of a die casting 
machine. 

DETAILED DESCRIPTION 
Referring now to the drawing, and in particular to 

FIG. 1, the present invention is illustrated, by way of 
example, in conjunction with a conventional shot type 
die casting machine, a fragmentary portion of which is 
illustrated generally at 10. The illustrated portion of the 
die casting machine is representative of a typical shot 
end of a cold chamber die casting machine in which a 
shot cylinder is cooperative with a cold chamber to 
inject molten material into a die cavity. 
The shot end of the die casting machine includes a 

shot cylinder assembly, indicated generally at 12, which 
is mounted on a support plate 14 affixed transversely to 
a generally C-shaped frame 16. Frame 16 is secured to a 
vertical stationary platen 18 of the die casting machine 
The platen 18 cooperates with a movable platen 20 to 
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support conventional die halves 22a, b which in closed 
positions define a die cavity 22c adapted to receive 
injected molten material, such as molten aluminum, 
plastic or other material which lends itself to shot type 
injection molding. The die halves 22a,b define a parting 
plane therebetween and are held in closed positions by 
the platens 18 and 20 which are conventionally oper 
ated by hydraulic cylinders so as to apply a predeter 
mined clamping force to the die halves and enable open 
ing for removal of a formed casting. A fluid pressure 
reservoir or accumulator 24 is affixed to the rear or 
head end of the shot cylinder assembly 12 and defines a 
fluid pressure inlet 26 to the head end of the shot cylin 
der assembly. 
The shot cylinder assembly 12 may be of conven 

tional design and includes a shot cylinder 30 having a 
piston 32 and associated piston rod 34 longitudinally 
slidable within the cylinder such that the piston rod 
extends through a suitable bushing and seal assembly 36 
at the rod end of the shot cylinder. The forward or 
outer end of the piston rod is connected to a plunger rod 
38 through a plunger rod coupler 40. The forward end 
of the plunger rod has a cylindrical plunger tip 38a 
which is received within a cylindrical bore 44a formed 
axially through a cold chamber 44 supported by and 
extending through the stationary platen 18 such that the 
bore 44a is axially aligned with the plunger rod 38. The 
cold chamber 44 has a radial inlet port 44b to facilitate 
entry of molten material into the cold chamber when 
the plunger tip 38a is withdrawn to the rearward end of 
the chamber preparatory to an injection cycle. The 
forward end of the cold chamber bore 44a communi 
cates with the die cavity 22c such that forward exten 
sion of the piston rod 34 and associated plunger rod 38 
causes molten material to be injected from the cold 
chamber into the die cavity by the plunger tip 38a. Such 
injection is effected by introducing fluid pressure to the 
head end of the shot cylinder through the inlet port 26. 
As aforementioned, when a quantity or "shot' of 

molten material is injected into a die cavity under pres 
sure by a shot cylinder in a die casting machine, the 
pressure within the die cavity may undergo a sudden 
substantial increase or pressure spike as the molten ma 
terial fills the die cavity and the plunger tip impacts 
against the confined molten material. If the fluid pres 
sure applied to the head end of the shot cylinder is 
sufficiently high, the velocity and inertia energy of the 
shot piston and associated piston rod may result in a 
pressure spike or peak pressure within the die cavity 
which exceeds the clamping force capacity of the ma 
chine and causes the die halves to separate, with the 
result that flashing fins may be formed on the casting, 
dimensional tolerance ranges may be exceeded, and/or 
poor density achieved in the casting, thereby resulting 
in an unacceptable casting which requires corrective 
treatment or which may not be salvageable. 

Referring to FIG. 2, the present invention provides a 
control valve arrangement, indicated generally at 50, 
which is operative to control the shot cylinder assembly 
12 so that the pressure applied to the shot cylinder 
during injection of molten material into the die cavity is 
sufficiently low to prevent harmful pressure spikes, but 
which effects high pressure application to the molten 
material within the die cavity during solidification and 
curing. To this end, the valve arrangement 50 is opera 
tive to effect a regenerative or counterforce mode for 
the shot cylinder which prevents full pressure applica 
tion against the shot piston during injection of molten 
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4. 
material into the die cavity, and is operative to termi 
nate the regenerative mode and establish high pressure 
in the die cavity during solidification and curing of the 
molten material. 
The valve arrangement 50 is interposed between a 

fluid pressure source, such as the aforementioned fluid 
pressure reservoir or accumulator 24 and an associated 
fluid pressure pump, and the shot cylinder 30. In the 
illustrated embodiment, the shot cylinder 30 comprises 
a double acting hydraulic cylinder or ram. The valve 
arrangement 50 includes a first control valve, indicated 
generally at 56, in the form of a proportional throttle 
valve having an inlet port 56a connected through a fluid 
pressure line or conduit 58 to the fluid pressure source 
24, and having an outlet port 56b connected through a 
fluid pressure line or conduit 60 to the head end of the 
shot cylinder 30. As will be described, valve 56 is 
adapted to be programmed to provide predetermined 
flow of fluid pressure from the pressure source to the 
head end of the shot cylinder during each injection 
stroke of the shot cylinder piston 32 to inject molten 
material from the cold chamber into the die cavity. 
Control valve 56 is of conventional design, such as 
commercially available from Rexroth Corporation as its 
Model FE 63C, or from Towler Corporation as its 
Model TDA D 1097 E63LA. 
The valve arrangement 50 includes a second control 

valve, indicated generally at 64, which is intercon 
nected between the rod end of the shot cylinder and the 
head end thereof. The control valve 64 has an inlet port 
64a connected to the rod end of the shot cylinder 
through a fluid pressure line or conduit 66, and has an 
outlet port 64b connected to the head end of the shot 
cylinder through a fluid pressure line or conduit 68. The 
control valve 64 comprises a normally open vented 
cartridge valve such as commercially available from 
Towler Corporation as its bypass valve with electrical 
unloading, Model DAV B 6 E63, and has a pressure 
sensing port 64c connected to the head end of the shot 
cylinder 30 through a fluid pressure sensing line or 
conduit 70. Valve 64 also has a tank port 64d connected 
through a flow line or conduit 72 to a fluid tank or 
reservoir indicated schematically at 74. A poppet 76 
within valve 64 is biased to a closed position normally 
preventing communication between the ports 64a and 
64b, and has its upper end ported to the tank port 64d 
through parallel flow paths, one of which includes a 
normally open adjustable-setting pressure responsive 
valve, such as a poppet valve indicated schematically at 
78, and the other of which includes a normally closed 
solenoid actuated spool valve indicated schematically at 
80. The setting of valve 78 is such that it will close in 
response to a predetermined pressure sensed at the sen 
sor port 64c which, as aforedescribed, senses the pres 
sure at the head end of the shot cylinder 30 and thereby, 
indirectly, the pressure in the die cavity 22c. The sole 
noid actuated spool 80 serves as a bypass control valve 
which is normally closed but which enables selective 
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opening to connect the head end of poppet 76 to tank 74 
by energizing the solenoid. Thus, the rod end of the 
shot cylinder 30 is normally in fluid communication 
with the head end thereof to establish a regenerative or 
counterforce mode through the flow conduits 66 and 68 
and control valve 64. Closing poppet 76 terminates such 
communication and thereby the regenerative or shot 
piston counterforce mode. 
The valve arrangement 50 includes a third control 

valve, indicated generally at 86, which is generally 
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similar to control valve 64 but is normally closed be 
tween an inlet port 86a and a discharge port 86b by a 
poppet 88. The inlet port 86a is connected to the rod 
end of the shot cylinder 30 through a fluid pressure line 
or conduit 90, while the discharge port86b is connected 
to the tank or fluid reservoir 74. Valve 86 includes a 
pressure sensing port 86c which is connected through 
the fluid pressure line 70 to the head end of the shot 
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cylinder 30, and has a tank or vent port 86d connected 
through a flow conduit 92 to the tank or fluid reservoir 
74. The poppet 88 is biased to a normally closed position 
but has its head end adapted for porting to the tank port 
86d through parallel flow paths, one of which is con 
trolled by a normally closed adjustable-setting pressure 
responsive valve, such as a poppet valve 94, and the 
other of which is controlled by a normally closed sole 
noid actuated spool valve 96. The normally closed 
valves 94 and 96 prevent unintentional opening of the 
poppet 88 by pressure at the inlet port 86a. 
The valves 56, 64 and 86 may be termed valve func 

tions and are preferably formed or built into a single 
unitary compact manifold the periphery of which is 
schematically indicated by phantom line 100, or may be 
of individual modular design and interconnected 
through a manifold block. For example, the valves may 
be formed as valve blocks mounted on a common mani 
fold which is suitably bored to provide the aforedes 
cribed fluid pressure lines between the various ports of 
the valves, and which has external ports enabling con 
nection of the various valve functions through hydrau 
lic lines to the head and rod ends of the shot cylinder 30, 
the fluid pressure source 24 and the tank or fluid accu 
mulator 74. In this manner, the valve arrangement 50 
may provide a compact valve control device for con 
trolling the shot cylinder of a die casting machine, and 
may be utilized in original manufacture or in retrofitting 
existing die casting machines. 

In the operation of the valve arrangement 50 to con 
trol the shot cylinder 30 during injection of molten 
material into the die cavity 22c from the cold chamber 
44, and assuming the shot cylinder piston to be in its 
fully retracted position, that molten material has been 
introduced into the cold chamber 44a, and that valve 64 
is in an open condition and valve 86 is in a closed condi 
tion, fluid pressure to the head end of the shot cylinder 
is controlled by control valve 56. As aforedescribed, 
control valve 56 is programmable and is programmed to 
initially fully open to apply full fluid pressure flow to 
the head end of the shot cylinder. With valve 64 in an 
open condition, the rod end of the shot cylinder is in 
fluid pressure communication with the head end of the 
shot cylinder through the fluid pressure conduits 66 and 

. 68 so as to establish a regenerative or counterforce 
circuit between the rod and head ends of the shot cylin 
der. By establishing a regenerative or counterforce 
mode during injection of molten material into the die 
cavity, the force applied to the head end of the piston is 
limited to a magnitude equal to the fluid inlet pressure 
times the effective transverse cross sectional area of the 
piston rod 34. Stated alternatively, by connecting the 
rod end of the shot cylinder to the head end, a counter 
force acts on the rod end of the shot piston of a magni 
tude equal to the pressure at the rod end acting on the 
annular area of the piston about the piston rod, thus 
significantly reducing the force acting to move the shot 
piston in a forward material injection direction. This 
significantly reduces or limits the longitudinal accelera 
tion imparted to the shot piston, and thereby reduces or 
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6 
limits the inertia forces acting on the plunger tip 38a 
during injection of molten material into the die cavity 
22c. In this manner the impact pressure applied by the 
plunger tip against the molten material as the die cavity 
becomes full is maintained sufficiently low to prevent 
pressure spikes which might exceed the clamping ca 
pacity of the die casting machine and cause the die 
halves 22a, b to open. 
To further prevent undesirable pressure spikes within 

the die cavity during injection of molten material, valve 
56 may be programmed to close a predetermined 
amount at a predetermined time after the shot piston 
commences its forward movement, such as when the 
plunger tip 38a is approximately 2-3 inches from full 
impact, to further reduce the impact force and prevent 
a pressure spike or peak sufficient to overcome the 
clamping capacity of the die casting machine. To this 
end, a piston position indicating rod 102 (FIG. 1) is 
carried by the piston rod in parallel relation therewith, 
and is cooperative with a conventional distance measur 
ing device, indicated schematically at 104, to generate a 
signal indicating the linear distance traversed by the 
plunger tip 38. Such position signal is transmitted to the 
control for the programmable control valve 56 to effect 
diminished fluid pressure flow to the head end of the 
shot cylinder at a predetermined time in the injection 
cycle. 

After impact of the plunger tip 38a against the molten 
material within the filled die cavity, the valve arrange 
ment 50 operates to increase the pressure within the die 
cavity during solidification and curing of the molten 
material. The valves 64 and 86 sense the pressure within 
the head end of the shot cylinder through their respec 
tive sensor ports 64c and 86c. The internal poppet valve 
94 in valve 86 is set to open when a predetermined 
pressure is detected at the head end of the shot cylinder, 
such predetermined pressure being a function of the 
impact pressure, such as 1000 psi, exerted by the 
plunger tip 38a against the molten material which indi 
cates full impact of the plunger tip. Opening of poppet 
valve 94 vents the top of poppet 88 to tank causing 
poppet 88 to open and connect the rod end of the shot 
cylinder to tank 74. This terminates the regenerative 
mode. 
The internal poppet valve 78 in control valve 64 is set 

to close at substantially the same pressure sensed at the 
head end of the shot cylinder which causes the control 
valve 86 to open, thereby preventing fluid pressure flow 
from the head end of the shot cylinder to the tail end 
thereof. This assures full termination of the regenerative 
mode so that the fluid pressure at source 24 acts on the 
full area of the head end of the shot cylinder piston 32. 
Simultaneously, the programmed control valve 56 is 
caused to again fully open to enable full fluid pressure 
flow to the head end of the shot cylinder. Thus, at a 
predetermined point in the injection cycle correspond 
ing to impact of the plunger tip 38a within the filled die 
cavity, full pressure is applied to the head end of the 
shot cylinder to obtain rapid pressure buildup within 
the die cavity during solidification and curing of the 
molten material within the die cavity. o 
As aforementioned, the control valves 64 and 86 also 

include solenoid operated spool valves 80 and 96, re 
spectively, which enable selective manual closing of 
valve 64 and opening of valve 86 so as to effect a full 
forward fluid pressure force to the head end of the shot 
cylinder. Alternatively, automatic closing and opening 
of valves 64 and 86 may be effected by an electronic 
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timing control (not shown) which times out the applica 
tion of full pressure within the die cavity during curing, 
whereafter a signal is applied to the solenoid valves to 
close valve 64 and open valve 86 to enable return of the 
shot piston to its retracted position preparatory to the 
next injection cycle. To facilitate return of the shot 
piston, a pair of solenoid operated valves, indicated 
schematically at 108 and 110 in FIG. 2, are connected in 
fluid pressure communication with the shot cylinder 
and the pressure source 24 and tank 74 so that upon 
energizing the solenoid valves 108 and 110, the head 
end of the shot cylinder is connected to tank through 
valve 108, while the fluid pressure source 24 is con 
nected to the rod end of the shot cylinder through valve 
110 to effect retraction or return of the shot piston. 

In accordance with the valve arrangement 50 of the 
present invention, the fluid pressure acting on the head 
end of the shot cylinder piston is controlled so that any 
pressure spike or peak pressure buildup within the die 
cavity as the plunger tip impacts the filled cavity is 
greatly diminished, such as in the order of 3:1, by the 
use of the aforedescribed regenerative or counterforce 
circuit. For example, the initial pressure applied by the 
plunger tip 38a to the molten material as it is injected 
from the cold chamber may be approximately 200 psi. 
By effecting the regenerative mode, as the die cavity 
fills with molten material the impact pressure of the 
molten material within the die cavity may increase to 
approximately 1000 psi without creating a dangerous 
pressure spike. At this moment, the valve arrangement 
50 terminates the regenerative mode enabling full pres 
sure to be applied against the head end of the shot cylin 
der piston to thereby achieve high pressure within the 
die cavity during solidification and curing of the molten 
material. 
As aforedescribed, the valve arrangement 50 may be 

formed as a unitary manifolded compact valve device 
or as a plurality of modular valve units manifolded to a 
single manifold. Either embodiment facilitates use in the 
initial manufacture of die casting machines or in retrofit 
ting existing die casting machines. The regenerative 
mode established by the valve arrangement 50 is main 
tained until impact occurs independent of the time lapse 
between initial movement of the shot piston and impact. 
Thus, the valve arrangement 50 automatically compen 
sates for varying operating characteristics resulting 
from changes in the fluid mechanics of the system by 
being responsive to a predetermined impact pressure, as 
opposed to employing a shot piston position responsive 
servo system as heretofore employed. 
While a preferred embodiment of the present inven 

tion has been illustrated and described, it will be under 
stood that changes and modifications may be made 
therein without departing from the invention in its 
broader aspects. Various features of the invention are 
defined in the following claims. 
What is claimed is: 
1. In a die casting machine including a shot cylinder 

having an internal piston defining a head end and a rod 
end, a chamber adapted to receive molten material, 
means defining a die cavity, and a source of fluid pres 
sure, said shot cylinder being cooperative with said 
chamber to enable injection of molten material into said 
die cavity from said chamber upon application of fluid 
pressure to the head of said shot cylinder; the improve 
ment comprising fluid pressure control means intercon 
nected between the shot cylinder and said fluid pressure 
source, said control means including a valve arrange 
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8 
ment having a first control valve interposed between 
the fluid pressure source and the head end of the shot 
cylinder and operative to control fluid pressure flow to 
said head end so as to establish a predetermined maxi 
mum pressure within the die cavity during a die casting 
cycle, a second valve interconnected between the rod 
end of said shot cylinder and said head end thereof, said 
second valve being normally conditioned to effect fluid 
pressure communication between said rod and head 
ends of said shot cylinder and establish a regenerative 
mode limiting the net pressure force acting on the head 
end of said piston to a value wherein the pressure within 
said die cavity at impact is less than said predetermined 
maximum pressure, and a third valve operatively associ 
ated with said head and rod ends of said shot cylinder 
and having direct fluid pressure communication with 
said head end of said piston, said third valve being di 
rectly responsive to a predetermined pressure at said 
head end to reduce the pressure at said rod end to sub 
stantially atmospheric pressure, said second valve being 
responsive to said predetermined pressure at said head 
end to block fluid pressure communication between said 
head and rod ends and thereby enable said maximum 
pressure within said die cavity during solidification and 
curing of molten material within said die cavity. 

2. A die casting machine as defined in claim 1 wherein 
said first valve comprises a programmable control valve 
operative to reduce the fluid pressure flow to the head 
end of said shot cylinder at a predetermined time prior 
to impact of molten material within said die cavity. 

3. A die casting machine as defined in claim 2 wherein 
said second valve comprises a normally open valve 
responsive to a predetermined pressure at the head end 
of the shot cylinder to interrupt fluid pressure commu 
nication between the head and rod ends of said shot 
cylinder. 

4. A die casting machine as defined in claim 3 wherein 
said third valve comprises a normally closed valve re 
sponsive to said predetermined pressure at the head end 
of said shot cylinder to connect said rod end to tank at 
substantially atmospheric pressure. 

5. A die casting machine as defined in claim 4 wherein 
said first, second and third valves are formed within a 
compact manifold block having external ports enabling 
connection to said pressure source, said head and rod 
ends of said shot cylinder, and to a tank at substantially 
atmospheric pressure. 

6. A die casting machine as defined in claim 5 wherein 
said second and third valves include solenoid valve 
means enabling selective conditioning of said first and 
second valves to effect said maximum pressure within 
said die cavity. 

7. A method for controlling the injection of molten 
material into a die cavity from a shot cylinder during a 
die casting cycle, said cylinder including a piston hav 
ing a head end and an associated rod end cooperative 
with a shot chamber to inject molten material into the 
die cavity from the shot chamber in response to fluid 
pressure applied to the head end of the piston, said 
method comprising the steps of: 

(a) determining the fluid pressure required to be ap 
plied to the head end of said piston to effect a maxi 
mum desired pressure in the die cavity during so 
lidification and curing of molten material when 
injected into said die cavity, 

(b) selectively connecting the head end of said piston 
to a source of fluid pressure through a first valve. 
operative to apply sufficient fluid pressure to said 
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head end to effect said maximum pressure in the die 
cavity, 

(c) selectively interconnecting the rod end of said 
shot cylinder in fluid pressure communication with 
the head end thereof through a second normally 
open valve operative to create a fluid pressure 
counterforce limiting the net pressure force applied 
to said head end during injection of molten material 

5 

into the die cavity so as to establish a pressure 
within the die cavity less than said maximum de 
sired pressure, 

(d) reducing the pressure at said rod end to substan 
tially atmospheric pressure through a third nor 
mally closed valve which is directly responsive to 
the pressure at said head end and opened to effect 
said pressure reduction when the pressure at said 
head end reaches a predetermined value less than 
the fluid pressure determined in step (a), and 

(e) terminating fluid pressure communication be 
tween said rod and head ends by closing said sec 
ond valve substantially simultaneously with reduc 
ing the pressure at said rod end to atmospheric 
pressure so as to effect said maximum desired pres 
sure within the die cavity during solidification and 
curing of molten material injected therein. 

8. The method as defined in claim 7 wherein said step 
of selectively interconnecting said rod and head ends of 
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10 
said shot cylinder in fluid pressure communication in 
cludes interconnecting said rod and head ends through 
discrete fluid pressure flow paths one of which includes 
said normally open valve and the other of which in 
cludes said normally closed valve, said normally closed 
valve being responsive to a predetermined pressure at 
said head end to open and connect said rod end to sub 
stantially atmospheric pressure, and said normally open 
control valve being responsive to said predetermined 
pressure at said head end to close and block fluid pres 
sure communication between said head and rod ends 
and thereby terminate said fluid pressure counterforce 
whereby to enable said maximum desired pressure 
within said die cavity. 

9. The method as defined in claim 8 wherein said 
normally open and normally closed valves include 
means enabling manual control to effect said maximum 
desired pressure within said die cavity. 

10. The method as defined in claim 7 including the 
step of controlling fluid pressure flow to the head end of 
said cylinder through a programmable valve operative 
to restrict fluid pressure flow to said head end just prior 
to impact of molten material within said die cavity, said 
programmable valve being conditioned to enable full 
fluid pressure flow to said head end immediately after 
impact of molten material within said die cavity. 
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